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ABSTRACT 
 

The analysis and design of a Pulse-width modulation (PWM) embedded unit as an alternative to convert 
digital signals to analog signals is presented herein, extrapolating the biological principle of DNA 
hybridization. The biological hybridization process is a binding event between two complementary DNA 
single strands that leads to the formation of a double-stranded helix. The proposed technique to detect the 
hybridization is based on direct comparison of data, allowing a high degree of parallelism in the Bio-
inspired Architecture, it was specially designed to regulate the light intensity of LED lamps as a home 
automation application. 
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1. INTRODUCTION  
 

In digital electronic design, a PWM (Pulse-width 
modulation) unit is basically a digital – analog 
converter (DAC) which can be used in solutions 
that do not require a high frequency of sampling, it 
converts a binary data into a series of pulses, so that 
the pulse duration is directly proportional to the 
value of binary data, so it is a scheme that provides 
an intermediate amount of electric power between 
fully on and fully off. PWM is widely used in 
different areas of control systems, such as robotics, 
industrial process control, power control systems, 
and others [1]. 

With regard to home automation (domotics), 
PWM has been very useful in regulating the light 
intensity of lamps (LED, fluorescent and 
incandescent), as well as regulating valves and 
small engines that automate some process [2], [3]. 

When designing with programmable logic 
devices (FPGA, CPLD), embedded realization of 
such converters is common [4], so this paper 
proposes an alternative to design a PWM unit 
simulating the combination of DNA strands in order 
to regulate the light intensity of an LED lamp in an 
application for home automation and so contribute 
to energy savings. The artificial DNA hybridization 

suggests a simple mechanism that compare parallel 
binary strands stored in the data registers looking 
for evidence that they are complementary to each 
other to validate a subsequent action as a response. 
This approach is very similar to evaluation of 
inference rules in an expert system that tries to 
model the reasoning of a human operator [5]. 

2. ELECTRONIC DETECTION OF DNA 
HYBRIDIZATION 

 
DNA (Deoxyribonucleic Acid) is a chemical 

substance that is found in the nucleus of cells, 
which stores the basic code of all life translated as 
biological instructions. In the molecular genetics 
theory about DNA hybridization, single strands of 
DNA from two different species are allowed to join 
together to form hybrid double helices, much like a 
twisted ladder. These hybrid segments of DNA are 
used to determine the evolutionary relatedness of 
organisms by examining how similar (or dissimilar) 
the DNA base pair sequences are; in other words, 
the degree of hybridization is proportional to the 
degree of similarity between the molecules of DNA 
from the two species. The way to detect the 
hybridization of two single strands of DNA has 
been replicated in the field of electronics through 
DNA Array, also called DNA chip or Gene array 
[6]. This chip is a matrix structure on which are 
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distributed DNA single strands that have been 
implanted into a silicon base. These sequences have 
a simple fixed value that when they are incubated 
with strands injected up to the chip, generating 
helices of DNA that can be detected through 
electronic tools. Engineering has shown that DNA 
chips can be used to store and evaluate in parallel, 
Boolean or fuzzy rules [5], [7]. 

 
In electronic design, hybridization can be 

implemented using a reference register that will be 
compared in parallel with others test registers, 
looking for evidence that they are complementary. 
In Figure 1, test register represents the simple 
sequence of DNA with a fixed value and reference 
register is the DNA strand that is injected or 
introduced to chip. To maintain the analogy with 
biological hybridization, the reference register is 
unique and will be compared with all test registers 
in parallel form. Note that to make this comparison, 
both registers must have the same size and only if 
they are complementary, the flag output will be 
high logical value. To verify that the bits of both 
registers are mutually complementary, XOR logic 
gates are used for bitwise comparison. 
 
 
3.  PULSE-WIDTH MODULATION (PWM) 

 
In digital electronic a PWM embedded unit is 

usually accomplished by connecting a binary 
counter and a comparator circuit together; this last 
one will determine when data applied to the 
entrance of the unit is less than the value of binary 
counter constantly changing. At the output of the 
PWM unit, is necessary to connect a low-pass RC 
filter to determine the voltage of the analog signal 
equivalent to digital data entered [8]. The entire 
period of a PWM cycle is equal to the product of 
the period clock signal reference (system clock) 
with 2n, where n is the number of bits of the counter 
circuit proposed. In the particularity of this work 
were considered 4-bit data registers, so in [8] is 
demonstrated that a converter of more than 8 bits 
does not get more benefits, so 16 different levels (at 
a rate of 24) of luminous intensity are adequate. 

 
4. BIO-INSPIRED ARCHITECTURE 

We consider a modular design consisting of three 
parts. First part of this realization uses a reference 
register to be compared in parallel with every test 
registers, simultaneously. 

According to the scheme established with 4-bit 
registers, 16 test registers were designed with fixed 
and different values, and a single reference register 

which establishes the digital data to convert to their 
analog equivalent in a range of 0 to 5 V, for 
example, a binary input equal to 0000 will get an 
analog voltage of 0V; in the same way, a binary 
input equal to 1111 will get the maximum analog 
value equal to 5V. The fixed values of the test 
registers were assigned complementary in 
corresponding to the values that they can take at the 
rate of 2n, in other words, for a binary entry 0000, 
stored in the reference register, the test register 
labeled as "0" will store a binary data 1111; for an 
entry 0001, it was assigned 1110 in the test register 
labeled as "1". Just the only one output from the 
module in Figure 1 is a data flag that indicates a 
successful hybridization through a high logical 
level. 

 
In the second part of our design each flag from 

the previous stage actives individually a tri-state 
data register which is connected to a common 
output bus. This time were considered 16-bit tri-
state registers to improve the resolution of the 
converter. In this scheme, only a single tri-state 
register may be enabled at a time. Each tri-state 
register has a fixed value assigned according to the 
binary value that will be delivered as the result of 
modulation. 

 
The third and final stage of architecture, is the 

stage of control, consisting of a 16-bit multiplexer 
that with the help of a 4-bit binary counter, 
performs a binary sweep of the only tri-state 
register enabled, starting with the most significant 
bit. The same binary counter determines that after 
16 pulses clock, when the unit PWM has finished 
data conversion, the reference register can receive a 
new data to process. 

Figure 2 shows the schematic diagram of the 
complete unit designed with the three parts. All 
modules were described in VHDL for logic 
synthesis. 

 
5.    RESULTS 

 
The logic synthesis design was carried out using 

ISE Webpack v.8.1i, to configure a 3S200 Spartan 
3 FPGA of vendor Xilinx. The PWM Bio-inspired 
unit implemented using only 4% of the amount of 
internal resources of FPGA. 

 
The PWM unit was tested at different 

frequencies, in each case calculating the values of 
RC filter. They were considering the following 
clock frequencies: 4MHz, 1MHz, 700Hz, 320Hz 
and 120Hz. Brief details of the conversion can be 
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seen in Figure 3. It verifies the correct operation of 
PWM generator. It was necessary to design an 
electronic power stage to attach the PWM output 
with the LED lamp used in the laboratory. In Figure 
4 we show the lamp used in our experiments. This 
lamp was designed with similar characteristics as 
commercial lamps with a panel of 18 x 18 high 
brightness LEDs. 

 

 

Figure 4: LED lamp used in the laboratory 

 

6.    CONCLUSIONS AND FUTURE WORK 
 

The artificial hybridization of DNA single 
strands allows direct a design based on inference 
rules, into a natural parallelization that can be 
explored through implementation in programmable 
logic devices. This technique transferred to Bio-
inspired hardware has allowed the completion of a 
functional PWM generator as an alternative to 
convert digital signals to analog signals. 

Each tri-state register enabled individually, as a 
result of a successful hybridization, stores a value 
that can be updated in real-time increasing the 
scope of this proposal. This will allow attacking the 
quantification problem, which directly affects the 
converter resolution and that a conventional PWM 
unit could not stand it. This modular design 
supports changing the content of the registers 
according to the needs of modulation, being 
possible to increase or decrease the resolution of 
the conversion. 

It will be interesting to explore the capabilities of 
parallel evaluation of inference rules in expert 
systems more complex; in future work we will 
apply this same technique to create intelligent 
systems that allow the automatic regulation of the 
luminous intensity in conventional lamps, focusing 
more specialized home automation applications, 
encouraging a systematic energy saving. 
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Figure 1: Standard Model Of Artificial Hybridization With Digital Electronics 

 
 
 

 
 

Figure 2: PWM Parallel Architecture Using The Principle Of Hybridization Of DNA Strands 
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Figure 3: Details Of The Digital–Analog Conversion In Practical Experiments 

 


